Abstract-
INTRODUCTION
Detecting and characterizing organic materials at the molecular level is a formidable but crucial component of searching for Earth's most ancient biosignatures -and potential biosignatures beyond Earth. The challenge is to distinguish between biogenic organic matter and abiogenic organics from meteoritic or planetary sources. This requires integrated observations of the molecular level characteristics of the organic materials within the local and broader geological context. However, techniques that are sufficiently sensitive for molecular characterization of organics require the analytes to be removed from the mineral matrix and introduced to the instrument for analysis. This is a nontrivial aspect of laboratory, field and in-situ studies is frequently under-appreciated and limits the performance of otherwise sensitive analytical instruments.
Presented here is a sampling methodology that provides soft ionization and enhanced desorption for extraction of organic materials directly from a rock or soil matrix without complex or destructive sample preparation. This enables sensitive chemical analysis using a variety of chemical analysis techniques. The methodology presented uses Meta Stable Helium (MSHe) -a neutral, excited state gas -which is passed over the surface of a sample, whereupon it reacts with the mineral-bound organic molecules via desorption and "soft" ionization to produce a vapor phase sample suitable for Mass Spectrometry and other sensitive analytical techniques. The methodology offers several significant advantages over existing laboratory and flight sampling techniques that use liquid extraction or thermal desorption, because it simply and rapidly acquires the sample directly from the mineral matrix with: 1) no contact (thereby avoiding contamination); 2) no high temperatures (avoiding thermal degradation of the organics); 3) no mechanical processing of the rock and no solvents (simplifying the technique for field/flight use). Presented here is a feasibility demonstration of using MSHe for in situ sampling and analysis with Surface Enhanced Raman spectroscopy (SERS) and Mass Spectroscopy. 1, 2 This work is an outgrowth of a remarkable recent development, where Meta Stable Helium (MSHe) was found to ionize and desorb low volatility solid organics from a surface at relatively low temperatures. 3 Originally developed for Mass Spectrometry, the MSHe reaction with sample surfaces provides a mechanism for enhanced desorption and soft ionization and is particularly useful because of the simplicity of sample introduction into the MS instrument. We extend the use MSHe sampling technology for Vibrational Spectroscopy (SERS and related analytical methods) and establish feasibility of the approach for in situ planetary soil analysis and investigation of some of Earth's oldest putative fossils. 4 MS has been extensively applied to the analysis of fossil samples.
The various, highly developed methods have been used for producing ionized atoms and molecules have been used for Mass Spectrometry. These approaches require exposure to vacuum, high electrical fields, or need to introduce the sample into an electrical discharge, and risk degrading the sample. These alternate methods are not suitable for direct analysis of solids, liquids, and gases at Mars ambient pressure and ground potential. Other common atmospheric pressure ion sources have similar limitations. 5 A limiting factor to the application of MS generally and for future astrobiology missions in particular is in the sample introduction. This adds considerable sample handling complexity. The ionization of low volatility solid materials from a surface is a long sought goal of MS development. 5 Recently, there was a remarkable development for the ionization of low volatility solid materials from a surface. MSHe was found to provide ionization and a means to desorb low volatility molecules at reduced temperatures. 3 The source of MSHe used for this work is the Direct Analysis in Real time (DART) system produced by Jeol Instruments. 6 This system is designed for laboratory mass spectrometry applications and was modified for kinetic studies and as a test source for in situ instrument designs. The DART system uses a dry He gas stream that contains long-lived (~8000s), electronically excited neutral atoms or "metastables". The metastables are generated by in a glow discharge tube through which the He flows. Charged particles are removed from the He stream using a potential applied to an electrostatic lens. The excited-state He can interact directly with the sample to ionize the sample. This process is referred to as Penning ionization, where excitedstate neutral atom reacts with substrate molecule with an ionization potential with a lower than the energy of the excited-state species. A cascade of gas phase ion reactions occurs and this may be modified by the presence of other gases. This result is formation of analyte ions that are ejected from the surface.
The MSHe ionization source (Figure 1 schematic) is essentially a gas flow tube divided into several chambers.
Helium flows through a discharge chamber containing a cathode and an anode. A discharge of several kilovolts produces plasma and excited-state species. The electronic excited, MSHe is the reagent gas in the DART system. Next, the gas flows into a neutralizing chamber where perforated electrodes can be biased to remove ions and to remove ions of the opposite polarity thereby preventing signal loss by ion-ion recombination. The neutral MSHe gas then passes through a third chamber that is used to heat the gas to a desired temperature and may be mixed with other gases to aid ionization. The meta-stable gas can be directed toward samples in the solid, liquid or gas phase. Typically, the MSHe gas flow can be reflected off a sample surface and produces desorbed molecules and ions (up to 2000 amu) that are directed into a mass spectrometer. We have shown that this sampling is also effective for Surface Enhanced Raman Spectroscopy and this will also be used in the study. A significant feature of the DART MSHe device is that very minimal sample to sample contamination is observed. 3 There are various geometries that may be used to optimize the DART ionization for specific applications. However the precise positioning, sample distance, and the angle of DART with respect to the sample surface and the mass spectrometer inlet are not critical. This provides great flexibility in the introduction of complex samples. Gas flow rates are typically 1L per minute, and much lower flow rates are possible. Gas temperature is adjustable from ambient up to 400 °C. A typical sample to orifice distance is 5 to 25 mm. Ions may be detected even when the MSH source is 1 meter away from a mass spectrometer inlet.
Meta-Stable Helium Sampling for Surface Enhanced Vibrational Spectroscopy
As demonstrated in this work, the use of MSHe to remove organics from minerals may also be applied to Surface Enhanced Vibrational Spectroscopy (SEVS). SEVS includes Surface Enhanced Raman (SERS) and Surface Enhanced Infrared Absorption (SEIRA). SEVS are surface sensitive techniques based on the enhancement of Raman scattering or infrared absorption by molecules coating specially structured metal and nanoparticle surfaces. 2 The enhancement factor can be many orders of magnitude and the technique is sensitive enough to detect single molecules in some cases. 7 SEVS methods are particularly amenable to thin deposited films collected on a SEV active substrate. The SEVS technology used in this work is a result of a planetary instrument development task that has produced instrumental methods ready for more practical applications for rock and in situ experiments. 8 The feasibility of Meta Stable Helium desorption sampling for SEVS is demonstrated here on a test compound removed from a glass substrate on to a SERS substrate. Figure 3 
b). The MSH provides enhanced desorption of these relatively low volatility compounds and the soft ionization results in a high fraction of parent ions.
schematic of the test and the SERS spectrum resulting from Meta Stable Helium desorption. SERS is particularly sensitive to the bio-marker containing porphyrin rings and polyaromatic hydrocarbons. 
Experimental
For the MS measurements a Jeol, Time of Flight system was used equipped with a DART MSHe source (DART-Accu-TOF). It was set with a peak voltage of 500V, a reflectron voltage of 900 V, pusher bias voltage of -0.52 V, and a detector voltage of 2300 V. For the MS analyses, the DART MSHe source temperature was set to 250°C. The powered samples were fixed on a Gallium wetted glass rod that provided a low background, adhesive surface. The soil sample was then slowly moved into the Meta Stable Helium stream about halfway between the ion source and the analyzer inlet. The MSHe effectively removes the organics from the mineral samples. Calibration was of the MS performed using liquid PEG600 (Tech Purity, Ultra, Kingstown, RI). The test of MSH enhanced absorption used 2-ethyl hexyl phthalate (Kodak) at vapor saturation in a 10 cc syringe. This was compared to the same material deposited as a thin film on a glass rod. The two samples were tested with the DART (Jeol Instruments) MSHe source run at room temperature.
The SERS spectra were obtained by impregnating Picolinic Acid (Aldrich) on a basalt rock or fritted glass (rock analog) surface. This was placed in the DART MSHe source that was designed for the Accu-TOF system. The DART source was modified by simply removing the unit and mounting it to an optical table. In this way the e MSH stream could be directed on to a test sample with the desired angle to desorb the test analytes. The geometry was keep similar to the DART-AccuTOF system with the sample ~2 cm from the MSH stream and the collection on to a SERS active substrate at 45 degrees and 2cm away from the sample surface. The SERS active substrate was prepared using UV photo reduction of silver chloride impregnated quartz filter. The Raman spectrometer was A Kaiser Optics Holoprobe system using a 785 nanometer excitation laser.
Results for Quantitative Testing of MSHe Enhanced Desorption
An MSHe enhanced desorption was tested performed on a material with a known, low vapor pressure to give some quantitative idea on how much desorption is enhanced over the vapor concentration expected from the vapor pressure above the sample. The response for the saturated vapor was measured with the DART MSHe source at room temperature (25°C) and using the TOF-MS. The sample, 2-ethyl hexyl phthalate, was introduced using a gas syringe with the sample at the saturated vapor pressure. The low concentration from the vapor pressure (5x10 -8 mm Hg) was just detectable. However, when the sample was coated as a thin film on a glass rod and MSH impinged upon directly on the sample, a large signal was measured over 50X the saturated vapor. This simple experiment dramatically demonstrates how MSHe can enhanced desorption of otherwise low volatility materials from surfaces. These results are consistent with other work where low vapor pressure salts, zwitterions low and sodium perchlorate have been readily desorbed using MSHe. 3 
Results on Testing Biomarkers using MSH sampling with Mass Spectrometry
A demonstration of the ability to analyze biomarkers using MSH and Time of Flight Mass spectroscopy is shown in figure 2 . The commonly used spore bio-marker, picolinic acid, desorbed from a basalt rock sample and the amino acid glycine (in an MgCl 2 salt) desorbed from a fritted glass rock analog. In conventional analysis these samples would need to be extracted with solvents prior to analysis. The time of flight Mass spectrometer provides high mass resolution and molecular discriminate solely on the very accurate molecular weight measurements. The sampling methods would also be amenable to other types of mass spectrometers including gas chromatography-mass spectrometer systems.
Results on Testing Biomarkers using MSH sampling for SERS
The feasibility of Meta Stable Helium desorption sampling for SERS was tested using the biomarker picolinic acid sampled from a fritted glass rock analog substrate. Figure 3 shows the schematic of the test and the SERS spectrum resulting from Meta Stable Helium sampling. The picolinic acid was desorbed and collected onto a SERS active substrate and detected with monolayer sensitivity. This demonstrates the feasibility of using Meta Stable Helium to desorb organics from a substrate for collection by SERS.
Conclusion

Improved Analytical Methodology for Astrobiology
The improvement of sampling methodology for in situ analysis of planetary soil and rock is mainly in the simplified equipment that retains the potential for very sensitive analysis. For geobiological/astrobiological studies of ancient organic materials, the current state of the art typically involves: 1) Raman spectroscopy, petrography and/or environmental Scanning Electron Microscopy to detect the organics; and 2) Gas Chromatography-Mass Spectrometry (GC-MS), Transmission Electron Microscopy (TEM) or other highly involved techniques to analyze the molecular composition and character of the organic compounds. The problem is that the techniques employed to detect the organics do little to characterize them while inside the mineral matrix -Raman can be used as a guide to thermal maturity or, more specifically, degree of structural order or crystallinity of the carbon, but cannot provide information on the molecular composition of the carbon. 10 On the other hand, the techniques used to characterize the organics typically highly involved, requiring a complex, resourceintensive procedure of sample preparation and introduction. Moreover, the location and relevant spatial context of sample may also be poorly constrained or completely destroyed. For example, hundreds of grams of rock will need to be dissolved in order to acquire the isolated kerogen for the control experiments in the present study. The MSHe sampling based method, in contrast, will yield a simple, incontext molecular characterization of the carbonaceous material without destroying large quantities of material. This will be extremely valuable in constraining the origin of the carbonaceous material in the stromatolites because it will possible to map variations in the detected compounds in relation to other informative features in the rock, such as laminations and fabrics.
Applications to Early Earth Paleobiology
Currently, the stromatolitic rock units of the Strelley Pool Formation are regarded as "probably biogenic", based on indirect evidence founded on the characteristics of the stromatolite assemblage as a whole. 10, 11 Positive identification of actual microbial remains and biologically derived organic compounds will be a crucial direct test of biogenicity. This has not been possible until the recent discovery of organics preserved in the stromatolites. Depending on the degree of preservation of the carbonaceous deposits, it may be possible to identify certain compounds that reflect particular biological processes (biomarkers). The outcomes of the approach may be valuable not only for determining the existence of life in the Early Archaean, but also, depending on the level of preservation of the organic materials, may provide insight to specific metabolic pathways that existed at the time. This would require the preservation and detection of biomarkers known to reflect such metabolic pathways.
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